Graphene was grown by chemical vapor deposition (CVD), in an Aixtron BM Pro (4 inch) reactor, using 25 μm thick Cu foil (Alfa Aesar, 99.8%) as the catalyst and CH 4 (diluted in Ar and H 2 ) as the precursor at 1050°C [17] . The CVD grown graphene is polycrystalline with relatively large grain sizes of ~20μm, as confirmed by scanning electron microscopy (SEM) of a sample for which growth was interrupted prior to complete coverage. A polymer support (polymethylmethacrylate, 4 wt.% in anisole, 950 k molecular weight) is spin coated onto the surface of the graphene covered Cu foil, and floated on a 0.05M aqueous solution of (NH 4 ) 2 S 2 O 8 to remove the copper foil. The polymer supported graphene is then rinsed in deionized water and transferred onto another graphene covered Cu foil. This is dried at ~50 °C for 5 min, floated again on the (NH 4 ) 2 S 2 O 8 solution to remove the Cu, and then rinsed in deionized
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Electron transparent membrane fabrication
Graphene was grown by chemical vapor deposition (CVD), in an Aixtron BM Pro (4 inch) reactor, using 25 μm thick Cu foil (Alfa Aesar, 99.8%) as the catalyst and CH 4 (diluted in Ar and H 2 ) as the precursor at 1050°C [17] . The CVD grown graphene is polycrystalline with relatively large grain sizes of ~20μm, as confirmed by scanning electron microscopy (SEM) of a sample for which growth was interrupted prior to complete coverage. A polymer support Figure S1 shows the Raman characterization of such samples including spatial mapping of the G and 2D band intensities. The presence of the G peak at ~1580 cm -1 and 2D peak at ~2700 cm -1 across the area of the membrane confirms that complete coverage with BLG is achieved [17] . The presence of only a small D peak at ~1350 cm -1 (<5% of the G peak intensity) , confirms the BLG is of high-quality with a low density of defects in the graphene lattice. The relatively small hole size of 1 µm reduces the likelihood of the graphene breaking during the removal of the support polymer and when maintaining a ~1 bar pressure difference between the liquid and the vacuum chamber. The use of the Au layer has numerous advantages: Firstly, it enhances the electrical contact to the electrode. Secondly, it minimizes the intercalation of water between the graphene and the substrate [31, 32] due to the hydrophobicity of gold [33] in spite of the reported hydrophilicity of UHV-clean gold [34] . Finally, it passivates the Si 3 N 4 from damage induced by the formation of radicals in the radiolysis process [35] . is mounted in the cell using a special sample holder. The main body of the cell is made of PEEK and provides liquid inlet and outlet. With this setup we can investigate electrochemical reactions using XPS under aqueous conditions (~1 bar), in a flow-through scheme without the need for high kinetic energies of several keV. Iridium nanoparticles were deposited on the backside of graphene used to test the XPS detection under aqueous conditions. The intensity of the Ir 4f peaks is weak at photoelectron KEs below 500 eV (figure S5a, top curve), but quite intense at higher KE of 950 eV (figure S5a, bottom curve). This provides a reference for the attenuation of photoelectron intensity through 2 layers of graphene, which is consistent with reported values of the mean free path for 500eV photoelectrons [36] . Subsequently, the pure water was replaced by a 10 mM KOH solution and the C 1s and K 2p spectra recorded at KEs of 450 eV and 950 eV (figure S5b). The observation of K peaks demonstrates that with this setup we are able to detect ions concentrations as low as 10 mM. After the measurement, flowing MilliQ-water through the cell again caused the K XPS signal to disappear, as shown in figure S5b, which confirms that no significant leakage of solution to the vacuum side of the membrane through potentially defective holes has occurred. 
